Global regulation of photosynthesis and respiration by FnrL: the first two targets in the tetrapyrrole pathway.
Fnr is a regulator that controls the expression of a variety of genes in response to oxygen limitation in bacteria. To assess the role of Fnr in photosynthesis in Rubrivivax gelatinosus, a strain carrying a null mutation in fnrL was constructed. It was unable to grow anaerobically in the light, but, intriguingly, it was able to produce photosynthetic complexes under high oxygenation conditions. The mutant lacked all c-type cytochromes normally detectable in microaerobically-grown wild type cells and accumulated coproporphyrin III. These data suggested that the pleiotropic phenotype observed in FNR is primarily due to the control at the level of the HemN oxygen-independent coproporphyrinogen III dehydrogenase. hemN expression in trans partially suppressed the FNR phenotype, as it rescued heme and cytochrome syntheses. Nevertheless, these cells were photosynthetically deficient, and pigment analyses showed that they were blocked at the level of Mg(2+)-protoporphyrin monomethyl ester. Expression of both hemN and bchE in the FNR mutant restored synthesis of Mg(2+)-protochlorophyllide. We, therefore, conclude that FnrL controls respiration by regulating hemN expression and controls photosynthesis by regulating both hemN and bchE expression. A comprehensive picture of the control points of microaerobic respiration and photosynthesis by FnrL is provided, and the prominent role of this factor in activating alternative gene programs after reduction of oxygen tension in facultative aerobes is discussed.